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(57)Abstract: 

PURPOSE: To measure the moisture of stratum corneum by 
measuring the moisture of a desired depth from the 
outermost layer of a skin when the moisture of a skin surface 
layer is measured by a dielectric relaxation measuring method 
such as a time domain reflecting method (TDR method), etc. 
CONSTITUTION: Electrodes 10a to 10e for measuring the 
moisture of a skin surface layer by a dielectric relaxation 
measuring method such as a TDR method, etc., are formed 
out of a core wire-like internal electrode 1a and an external 
electrode 1b coaxially arranged via an insulator on the 
internal electrode. When the end face of the electrode 1a and 
the end face of the electrode 1 b become the contact 
surfaces of a sample to be measured, the electric length of 
the electrode is 1 0Ojirn or less. Thus, it is preferable to 
reduce the area of the end face of the internal electrode to 
5.7 x 104|im2 or less or to narrow the interval between the 
internal and the external electrodes to 310jxm or less. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode characterized by being the electrode for dielectric relaxation measurement 
with which it consists of a core wire-like internal electrode and an external electrode arranged on the 
internal electrode in the shape of the same axle through the insulator, and the apical surface of an 
internal electrode and the apical surface of an external electrode turn into the contact surface over a 
device under test, and the electric length of an electrode being 100 micrometers or less. 
[Claim 2] The electrode for dielectric relaxation measurement according to claim 1 whose electric 
merit of an electrode is 1 micrometer - 100 micrometers. 

[Claim 3] The path of an internal electrode goes to the point of an electrode, and they are continuous 
or the electrode for dielectric relaxation measurement according to claim 1 or 2 which is thin 
gradually. 

[Claim 4] The electrode for dielectric relaxation measurement according to claim 1 to 3 whose apical 
surface the apical surface of an internal electrode is circular, or is annular by forming a crevice in a 
point. 

[Claim 5] the area of the apical surface of an internal electrode — 78micrometer2 -5.7x104 mum2 it 
is — electrode for dielectric relaxation measurement according to claim 4. 

[Claim 6] The electrode for dielectric relaxation measurement according to claim 4 whose diameter of 
the circular apical surface of an internal electrode is 10 micrometers - 270 micrometers. 
[Claim 7] The electrode for dielectric relaxation measurement according to claim 1 to 6 whose 
spacing of the internal electrode and external electrode in an apical surface is 10 micrometers - 310 
micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode used in order to measure dielectric 
relaxation. When measuring the dielectric relaxation of a skin surface for the purpose of acquiring in 
more detail the information about the amount of moisture and the condition of water which exist in a 
skin surface, it is related with a useful electrode. 
[0002] 

[Description of the Prior Art] Measurement of the moisture of a skin surface is useful to assessment 
of the property of the skin itself, assessment of the cosmetics or drugs applied to the skin, etc. 
[0003] Conventionally, generally as a measuring method of the moisture of a skin surface, the RF 
impedance method is used. However, since the RF impedance method is not observing the behavior 
of the water of a skin surface directly, there are many factors which affect measured value in 
addition to the moisture of a skin surface, and a problem is in repeatability. Moreover, the information 
acquired by the RF impedance method also has the problem that it is ambiguous what the depth of a 
thing it is, from a skin front face. Furthermore, by this approach, information about the condition of 
the water whether to be free water or to be bound water cannot be acquired, either. 
[0004] On the other hand, how to measure the dielectric relaxation of the water which exists in a skin 
surface can be considered. As a measuring method of dielectric relaxation, although there are a 
frequency-domain measuring method and a time domain reflection method (it abbreviates to the TDR 
method (Time Domain Reflectometry method) hereafter), the latter measurement technique and 
research of the application are advanced positively in recent years. 

[0005] This TDR method is an approach of impressing the excitation signal (for example, step pulse) 
of a specific wave to a sample, observing a reflected wave, asking for the complex permittivity of a 
sample from the phase of each frequency component of that reflected wave, and a strong change, 
and getting to know the physical properties of a sample based on it. According to this approach, it 
becomes possible to measure free water and bound water in a sample in un-destroying and 
quantitatively. For example, what impresses a step pulse to a sample as an excitation signal is 
proposed by JP,2-1 10357.A as equipment for the TDR methods, and the application about the water 
measurement of the living body which used this equipment is indicated (bottom right column of 17 
lines of - often lines the 7th page of the 4th page top right column of this official report). 
[0006] Drawin g 9 is the sectional view of the electrode (probe) 1 currently used for the equipment for 
the TDR methods of JP.2-1 10357,A. This electrode 1 consists of same axle-like internal electrode 1a 
and external electrode 1b. Internal electrode 1a is connected to inner conductor 2a of a coaxial cable 
2, and external electrode 1b is connected to outer-conductor 2b of a coaxial cable 2. Moreover, this 
internal electrode 1a and external electrode 1b are inner conductor 2a of a coaxial cable 2, outer- 
conductor 2b, and a diameter of said, respectively, and the end face which touches each device 
under test is a flat surface. The old place, the path of an internal electrode is [ the bore of 320 
micrometers or more and an external electrode of the magnitude of an electrode like drawin g 9 used 
for measurement of the TDR method ] 1.05mm or more, and the electric length is over 115 
micrometers. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, epidermis with a thickness of 100-300 
micrometers exists in the front face, and the outermost layer of drum is called the horny layer (10-20 
micrometers in thickness) to the skin. Moreover, dermis is under epidermis and subcutaneous tissue 
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exists in the bottom of it further. For this reason, in order to investigate the effectiveness which 
cosmetics and drugs exert on the moisture of a skin surface, it is desirable to enable it to perform 
water measurement of the depth of a request of the skin, and it is necessary to enable it to perform 
water measurement from an outermost layer of drum or a skin front face to about 100 micrometers 
at least. However, the water measurement equipment of the conventional TDR method has not shown 
clearly of which depth of the skin moisture is measured, when it is used for the water measurement 
of the skin. 

[0008] Then, this invention person presumed by the approach which showed the measurement depth 
at the time of performing the TDR method using an electrode as shown in drawin g 9 to the example 
mentioned later. Consequently, it turned out that it is performing water measurement of the wide 
range depth of about 180 micrometers from the outermost layer of drum of the skin almost equal to 
the electric merit of an electrode when the diameter of an internal electrode uses the electrode 
whose bore of 0.51mm and an external electrode is 1.7mm. Therefore, by the conventional approach, 
it turned out that the effectiveness which cosmetics and drugs exert on the moisture of a skin 
surface cannot fully be investigated. 

[0009] When this invention tends to solve the technical problem of the above conventional 
techniques and measurement of dielectric relaxation, such as the TDR method, performs water 
measurement of a skin surface, it enables it to measure enabling it to measure the moisture of the 
range of less than 100 micrometers from the outermost layer of drum of the skin, and the moisture of 
the skin of the depth of further a request, and aims at the ability to be made to perform water 
measurement of a horny layer. 
[0010] 

[Means for Solving the Problem] By miniaturizing the point of the electrode used for measurement, 
the line of electric force between an internal electrode and an external electrode can control by this 
that the electric merit of an electrode is made to 100 micrometers or less, and the depth which 
passes through the inside of the skin, and this invention persons came to complete a header and this 
invention for the ability of the above-mentioned object to be attained. 

[001 1] That is, it is the electrode for dielectric relaxation measurement with which this invention 
consists of a core wire-like internal electrode and an external electrode arranged on the internal 
electrode in the shape of the same axle through the insulator, and the apical surface of an internal 
electrode and the apical surface of an external electrode turn into the contact surface over a device 
under test, and the electrode characterized by the electric merit of an electrode being 100 
micrometers or less is offered. 

[0012] Hereafter, this invention is explained to a detail based on a drawing. In addition, the same sign 
expresses the same or equivalent component among each drawing. 

[0013] This invention is a useful electrode when measuring the dielectric relaxation of the skin 
surface from a skin front face to a depth of about 100 micrometers for the purpose of acquiring the 
information about the amount of moisture and the condition of water which exist in a skin surface. 
Fundamentally, although the structure consists of a core wire-like internal electrode and an external 
electrode arranged on the internal electrode in the shape of the same axle through the insulator as 
well as the conventional electrode shown in drawin g 9 , it is characterized by the electric merit of an 
electrode being 100 micrometers or less. 

[0014] the degree type (1) whose electric merit of an electrode is the relational expression of the 
electromagnetic wave V (omega) and its reflected wave R (omega) concerned at the time of preparing 
the load of complex permittivity epsilon* (omega) in the end of the transmission line of a coaxial 
cable etc., and impressing the electromagnetic wave V of angular frequency omega (omega) from the 
other end, and complex permittivity epsilon* (omega) of a load here — setting — parameter gammad 
****** — it is contained. 
[0015] 
[Equation 1] 
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This electric merit gammad It can ask by measuring the reflected wave of a well-known standard 
sample by which complex permittivity epsilon* (omega) is known. 

[0016] Moreover, electric length is the physical quantity of the electrode proper which becomes 
settled with the configuration and magnitude of an electrode, and is not dependent on a measuring 
method. Therefore, also in the measuring method of which dielectric relaxation of a frequency-domain 
measuring method or a time domain reflection method (the TDR method), the electric length of an 
electrode is fixed. 

[0017] On the other hand, this invention person has relation with electric as close merit as the 
measurement depth of the device under test at the time of dielectric relaxation measurement, and 
found out that electric length served as a scale of the measurement depth. For example, when it 
consists of a surface and two-layer [ lower layer ] and surface thickness measures dielectric 
relaxation about a sample equal to the electric merit of the electrode used for measurement as 
shown in the example mentioned later, 63% of all the information (1-e-1) acquired with the electrode 
is the information from a surface, and 86% is the information from the measurement depth to electric 
merit's twice. 

[0018] Therefore, also in the measuring method of which dielectric relaxation of a frequency-domain 
measuring method or a time domain reflection method, the electrode of this invention will become 
useful, in order to measure the surface from a front face to a depth of about 100 micrometers. 
[0019] As a concrete mode for setting the electric merit of an electrode to 100 micrometers or less 
shorter than before in this invention, it is (1), for example. An internal electrode makes small area of 
the electrode apical surface in contact with a sample, or it is (2). A mode, such as narrowing spacing 
in the apical surface of an internal electrode and an external electrode, can be raised. In addition, an 
external electrode can be made into arbitration about another configuration, magnitude, etc., although 
the bore participates in spacing with an internal electrode. 

[0020] Moreover, in order to enable it to measure to accuracy by preventing a multiple echo as much 
as possible at the time of dielectric relaxation measurement, it is desirable to set constant an 
impedance with the coaxial cable linked to an electrode and the electrode concerned and the 
impedance in an electrode, therefore it is desirable in the location of the arbitration of an electrode 
to set constant the ratio of the path of an internal electrode and the bore of an external electrode. 
Then, (1) As a desirable mode in the case of making area of the apical surface of an internal 
electrode small For example, the thing which made small continuously the cross section of internal 
electrode 1a linked to a coaxial cable, and external electrode 1b toward the point like electrode 10a 
shown in drawin g 1 (a), Like 10d of electrodes shown in electrode 10c or this drawing (d) having 
shown in electrode 10b shown in this drawing (b), and this drawing (c), what made small gradually the 
cross section of internal electrode 1a and external electrode 1b toward the point can be raised. 
[0021] However, even if it does not take the consistency of an impedance into consideration in a less 
than 1mm electrode point 10mm especially from the apical surface of an electrode, there is no actual 
top problem. Therefore, like electrode 1 0e shown in drawin g 2 , as an electrode of this invention, it is 
made only for the point of internal electrode 1a to become thin towards an apical surface, and that 
which was set constant is sufficient as the bore and outer diameter of external electrode 1b by 
processing only the point of the inner conductor of a commercial coaxial cable. 

[0022] Although the apical surface of the internal electrode of the electrode of above-mentioned this 
invention is circular, in this invention, the point configuration of an internal electrode is not restricted 
circularly. As shown in drawin g 3 . by processing only the point of the inner conductor of a 
commercial coaxial cable, form a tubed crevice (this drawing (a)) and a cone-like crevice (this drawing 
(b)) in internal electrode 1 a, it is made for an apical surface to become annular, and, thereby, area of 
an apical surface may be made small. 

[0023] Moreover, it can be used directly, without processing it into the inner conductor of a coaxial 
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cable exceptionally as an electrode of this invention, as long as the electric length is 100 
micrometers or less. As such a coaxial cable, the path of an inner conductor can raise the narrow 
diameter cable which is 10 micrometers - 270 micrometers. When it constitutes the electrode of this 
invention from a narrow diameter coaxial cable, the electrode of this invention needs the connector 
section connectable at the head of the usual coaxial cable with a larger path than the electrode. In 
this case, that to which the path of an internal electrode is changed continuously or gradually is used 
like the electrode shown in drawin g 1 as the connector section. 

[0024] It is 78micrometer2-5.7x104 which is generally equivalent to the area of a circle with a 
diameter of 10 micrometers - 270 micrometers although it can set according to the depth of the skin 
surface which should measure the concrete numeric value in making area of the apical surface of an 
internal electrode small in this invention, the electrode configuration of the electrode concerned, etc. 
mum2 Carrying out is desirable. Therefore, when the end face of an internal electrode is circular, as 
for the path, it is desirable to be referred to as 10 micrometers - 270 micrometers. 
[0025] This becomes possible [ performing water measurement with a depth of less than 100 
micrometers ] from the outermost layer of drum of the skin. It becomes possible by furthermore 
setting more preferably 1 micrometer - 100 micrometers of electric length to 5 micrometers - 25 
micrometers to perform water measurement of a horny layer. 

[0026] Moreover, as for spacing of the internal electrode and external electrode in the apical surface 
of an electrode, it is desirable to be referred to as 10 micrometers - 310 micrometers from the point 
of the consistency of the impedance of a coaxial cable and an electrode. 

[0027] As construction material of an electrode, although there is especially no limit, its corrosion- 
resistant metal is desirable, for example, it can use gold, platinum, copper, etc. 

[0028] Moreover, it is desirable to fill up between internal electrode 1a and external electrode 1b and 
the crevice formed in the point of internal electrode 1a as shown in drawing 3 (a) and (b) with 
insulating materials, such as Teflon resin and an epoxy resin. This becomes possible to measure a 
liquid sample as a standard sample, and adhesion of the unnecessary foreign matter to a crevice can 
be prevented. 

[0029] There is especially no limit in the manufacture approach of the electrode of this invention. 
[0030] As a coaxial cable linked to the electrode of this invention, when performing dielectric 
relaxation measurement of the TDR method etc. using the electrode of this invention, as long as it 
has the consistency of the above impedances, there is especially no limit and it can use a commercial 
thing. It is desirable to use a flexible cable from the point of the operability at the time of contacting 
an electrode to a test portion. Moreover, the measurement by the TDR method itself can be based 
on the well-known approach indicated by JP.2-1 10357,A etc. 
[0031] 

[Function] When performing water measurement of the skin by performing dielectric relaxation 
measurement of the TDR method etc., the electric merit of an electrode is equivalent to the depth, 
i.e., the measurement depth, of the signal which oozes out on the skin from an electrode. According 
to this invention, since the electric length of an electrode is set to 100 micrometers or less, the 
measurement depth can be made shallow. Furthermore, by setting up electrode length suitably by 100 
micrometers or less, it becomes possible to perform water measurement of the skin surface of the 
depth of a request of less than 100 micrometers from a skin front face, and it also becomes possible 
to carry out water measurement of a horny layer. 
[0032] 

[Example] Hereafter, this invention is concretely explained based on an example. 
[0033] As shown in examples 1-5, the example 1 of a comparison - 3 drawing 4 , the electrode with 
which a point consists of internal electrode 1a, insulating material 1c, and external electrode 1b was 
produced in three sorts of configurations, A, B, and C. In this case, the area S1 of the radius (or 
width of face) L of the apical surface of internal electrode 1a and the apical surface of internal 
electrode 1a, the area S2 of the apical surface which doubled internal electrode 1a and insulating 
material 1 c, and the bore D of the apical surface of an external electrode were made into the value 
shown in a table 1 , respectively. Internal electrode 1 a and external electrode 1 b used the electrode 
raw material as copper, and it was filled up with Teflon between internal electrode 1a and external 
electrode 1 b as insulating material 1 c. 
[0034] (Assessment) 

(1) Dielectric relaxation measurement was performed as a standard sample using the acetone with 
which the measurement dielectric spectrum of the electric length of an electrode is already known, 
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and it asked for the electric merit of an electrode. That is, the head of an electrode is dipped in an 
acetone, a reflected wave is measured by the TDR method, using a step pulse as an excitation signal, 
an excitation signal and the measured reflected wave are used, and it is electric merit gammad. It 
considered as the parameter and the dielectric spectrum was computed from the formula (1). in this 
case, electric merit gammad Electric merit gammad when a dielectric spectrum is computed changing 
a value and the value of that computed dielectric spectrum is most in agreement with the known 
dielectric spectrum of an acetone Electric merit gammad of the electrode concerned ** — it carried 
out. This result was shown in a table 1. Moreover, electric merit gammad obtained about the 
electrode of configurations A and B Related drawing with the radius L of an internal electrode was 
shown in drawin g 8 . 

[0035] (2) In order to investigate the measurement depth at the time of using each electrode for the 
water measurement of the skin by the measurement TDR method of the measurement depth of an 
electrode, various thickness of the water which is a surface was changed to the sample which 
consists of two-layer [ of water (surface)-Teflon (lower layer) ], and the dielectric constant in 
100MHz was measured as follows. 

[0036] First, as shown in drawing 5 , what stuck the Teflon tape (dielectric constant 2 of Teflon) 12 
on the glass plate 1 1 was put into the water bath (dielectric constant 78 of water) 13, and the 
electrode 10 was set during the bath so that the Teflon tape 12 might be countered. Moreover, this 
water bath 13 was laid in Z stage 14, and attached the thickness gage 15 in Z stage 14. And by 
making Z stage 14 go up and down, the distance x of an electrode 10 and the Teflon tape 12 was 
changed, and the dielectric constant at that time was measured. In this case, as a measuring method 
of a dielectric constant, the TDR method which makes a step pulse an excitation signal was used. 
[0037] In this way, the obtained dielectric constant was shown in drawing 6 about the example 3 of 
an experiment, and the examples 1-3 of a comparison. In addition, the dielectric constant rate of 
change of this drawing shows the value which standardized the dielectric constant of 0 and water for 
the dielectric constant of Teflon with 100. Moreover, in this drawing, drawing of the lower berth is an 
enlarged drawing of the range of L=-100-400micrometer of drawing of an upper case. Furthermore, 
the relation between -In (1 -dielectric constant rate of change) and reading of a thickness gage was 
shown in drawin g 7 about an example 3 and the examples 1-3 of a comparison. In addition, it means 
moving up, while, as for the field of a value negative in reading (namely, distance x of an electrode 10 
and the Teflon tape 12) of a thickness gage, the electrode 10 had contacted the Teflon tape 12 in 
drawin g 6 and drawin g 7 . 

[0038] the case where the electrode 10 is in contact with the Teflon tape 12 in measurement of such 
a dielectric constant — the excitation signal from an electrode 10 — oozing out — since it is carried 
out only to the Teflon tape 12, the dielectric constant observed shows constant value as shown in 
drawin g 6 . if the electrode 10 is separated from the Teflon tape 12 and both distance x is enlarged 
on the other hand — the excitation signal from an electrode 10 — oozing out — since the both sides 
of water and the Teflon tape 12 are reached, the dielectric constant observed becomes large, and if 
distance x is enlarged further, a dielectric constant will approach the normalization value 100 of water 
gradually. 

[0039] The fact that the plot shows straight-line relation in a field forward in distance x in drawin g 7 
here shows that the dielectric constant measured is changing exponentially to distance x. That is, it 
is [ dielectric constant / surface(water) ] epsilonobs about epsilon 2 and the dielectric constant 
observed in the dielectric constant of epsilon 1 and a lower layer (Teflon). Dielectric constant 
epsilonobs which will be observed if it carries out It turns out that it is expressed with a degree type 
(2). 

[0040] 
[Equation 2] 

e obs = c l ~ Ce i ~ e 2 ) exp <~ x /do ) (2) 

The inside of a formula, and do x is the inverse number of the slope of a line in a forward field in the 

plot of drawin g 7 . In this way, do calculated The value was shown in a table 1. A table 1 to this do A 

value is above-mentioned gammad. It turns out that it is in agreement. 

[0041] Then, it turns out that a formula (2) can be expressed as a degree type (3) 

[0042] 

[Equation 3] 

£ ohs = 5 1 " (£ 1 ™ c 2 > e X P C-x/rd ) (3) 
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therefore, dielectric constant epsilonobs observed **** — electric length gammad of an electrode 
the information in the range forms 63% of weight — therefore — as the scale of the measurement 
depth of an electrode — electric length gammad It turns out that using is appropriate. 
[0043] Furthermore, it is electric length gammad making area of the apical surface of an internal 
electrode small from a table 1, or by narrowing spacing of an internal electrode and an external 
electrode. It turns out that it can be made small. Therefore, by making area of the apical surface of 
an internal electrode small shows that the measurement depth at the time of performing water 
measurement by the TDR method can be made shallow. Moreover, since the measurement depth can 
also be set to dozens of micrometers or less, it turns out that water measurement of skin surfaces, 
such as a horny layer, can be performed. 
[0044] 
[A table 1] 
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[0045] 

[Effect of the Invention] If the electrode of this invention is used when measurement of dielectric 
relaxation, such as the TDR method, performs water measurement of a skin surface, it will become 
possible to perform water measurement of the desired depth within 100 micrometers from the 
outermost front face of the skin, and it will also become possible to perform water measurement of a 
horny layer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the sectional view of the electrode of this invention. 
[Drawin g 2] It is the sectional view of the electrode of this invention. 

[Drawing 3 ] It is the perspective view of the internal electrode of the electrode of this invention. 
[Drawin g 4] It is the sectional view of the electrode of an example and the example of a comparison. 
[Drawin g 5] It is the explanatory view of the measuring method of the measurement depth of an 
electrode. 

[Drawin g 6] It is related drawing of reading of a thickness gage, and dielectric constant rate of 
change. 

[ Drawin g 7] It is related drawing of reading of a thickness gage, and dielectric constant rate of 
change. 

[ Drawin g 8] It is related drawing of the radius of an internal electrode, and electric merit. 
[ Drawin g 9] It is the sectional view of the conventional electrode. 
[Description of Notations] 

1 Electrode 

1a Internal electrode 
1b External electrode 
1c Insulating material 

2 Coaxial Cable 

2a Inner conductor 
2b Outer conductor 
10, 10a-10e Electrode 

1 1 Glass Plate 

12 Teflon Tape 

1 3 Water Bath 

14 Z Stage 

15 Thickness Gage 
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